The effect of thymine-5-bromouracil substitution on the regeneration and length of F pili produced by an F+Lac+/Lac-Thy-strain of Escherichia coli was studied by electron microscopy. When 5-bromouracil (5BU) incorporation into deoxyribonucleic acid (DNA) was maximal, the modal length of the pilus doubled and the number of pili per cell was approximately 50% that of thymine-grown cells. The ability of 5BU-grown cells to form mating pairs and to be infected by ribonucleic acid (R17) and DNA (M13) male-specific phages was also reduced by approximately 50%. Loss of function was not due to loss of sex factor as 5BU cells retained a sex factor that was susceptible to curing by acridine orange. Elongation of pili on 5BU-grown cells was more sensitive to irradiation at 253.7 nm than on thymine-grown cells, suggesting that DNA is the sensitive target.
F pili are filamentous structures found on the surfaces of bacterial cells containing the sex factor F (2) . Their role in conjugation and male phage infection has been extensively reviewed (1, 3, 7, 8, 14) .
We recently reported that high irradiances at 253.7 nm inhibit the reappearance and length of F pili in Escherichia coli (13) . It was not clear from these studies if the sensitive target was deoxyribonucleic acid (DNA). In the present study, we took advantage of the fact that DNA is more sensitive to ultraviolet (UV) irradiation when it contains 5-bromouracil (5BU) (5) and studied the growth of pili on 5BU-grown cells that were exposed and not exposed to UV light at 253.7 nm. Our results show that 5BU itself affected pilus initiation and elongation as well as demonstrate that pili elongation on 5BU-grown cells is more sensitive to photochemical change. These data support the idea that DNA plays a role in the growth of F pili.
MATERIALS AND METHODS Bacteria and bacteriophages. F pili were studied on a strain of E. coli K-12 (PT3) that is F'Lac+/Lac-, Thy-, Thr-, Leu-, Met-and produces F pili, Type I pili, and flagella (13) . An F-Lac-Thi-strain of E. coli K-12 (200) was the recipient in mating experiments (11) . R17, a spherical ribonucleic acid (RNA) phage, and M13, a filamentous DNA phage, were used to study male phage infection of PT3 cells. An Hfr strain of E. coli K-12 (W1895) was used to plaque phage (11) .
Media. Bacteria were grown in an enriched medium (Z) (13) supplemented with either 100 Ag of thymine per ml (ZT medium) or 100 Ag of 5-bromo-17E uracil per ml (ZBU medium). Diluent for mating experiments contained ZT and glucose salts (11) in a 1:4 ratio. Lactose-salts-agar plates with thiamine were used as selective media for recombinants (11) . Eosin methylene blue (EMB) lac (Difco Laboratories) was used for determination of Lac+/Lac-ratios. Growth conditions. PT3 cells were inoculated from ZT slants into ZT and ZBU media and incubated overnight (19 to 24 h) at 37 C. Overnight cultures containing about 109 cells/ml were diluted 1: 10 in homologous media and incubated aerobically at 37 C for about 100 min until the cell concentration was about 5 x 108 cells/ml. This procedure allows for maximum incorporation of 5BU into E. coli DNA (16) . By using an increased UV-killing curve as a measure of 5BU incorporation (5), we found 37% survival for 0, 10, 100 and, 500 jig of 5BU per ml to be 120, 80, 30, and 100 ergs/mm2, respectively. These results -confirmed that maximum incorporation of 5BU occurred at 100 gg/ml with our growth conditions as well.
Kinetics of reappearance of F pili. The 50-to 100-ml volume cultures containing 5 x 10" cells/ml, in the exponential phase of growth, were rapidly chilled to 0 C. F pili were removed from cells by mechanical agitation (blending) of 50-ml samples at 0 C (12) . Samples of blended cultures (20 ml) were centrifuged at 5,000 x g for 15 min at 0 C, cell pellets were suspended in 20 ml of homologous growth medium at 37 C, and the cultures were incubated aerobically at 37 C. At indicated times, 1-ml samples were removed and rapidly chilled to 0 C to prevent further growth of pili.
Measurement of F pili. F pili were assayed by electron microscopy as previously described (13) . Effects of 5BU on the average number of pili per cell and on the average length of attached pili were determined from electron micrographs (13 UV irradiation. Cells were grown and prepared as outlined in the growth conditions section and irradiated in the manner previously described (13) . The source of irradiation was a mercury G15T8 germicidal lamp (General Electric Co.), which emits its energy in discrete bands with 99.9% of its relative energy at 253.7 nm (13) .
Kinetics of mating pair formation. Strain PT3 was grown to a density of 5 x 108 cells/ml in ZT or ZBU medium. The 200g strain was grown to 5 x 108 cells/ml in Z medium. A 2-ml portion of donor culture was mixed with 2 ml of recipient in a 250-ml flask that was gently shaking at 37 C. At indicated times, the mating mixtures were diluted 1: 1,000 in diluent to stop pair formation, and the diluted mixtures were incubated at 37 C for 30 min to allow for transfer. Samples were then plated on selective media to determine Lac+ recombinants.
Formation of male phage-infected cells. M 13 and R17 infection of PT3 cells was carried out in ZT or ZBU medium at 37 C as follows. One-tenth ml of PT3 culture growing exponentially in ZT or ZBU medium and containing 5 x 108 cells/ml was infected with M13 or R17 at a multiplicity of 100. Infection was allowed to proceed for 5 and 10 min. Free phage were neutralized with antisera at a concentration that allowed for inactivation of more than 99.99% of the free phage (12) . The mixtures were then chilled and diluted 1/10,000 in saline. Samples were assayed for plaqueforming units (PFU). These PFU were considered to be infected cells as 99% of the PFU detected were resistant to the appropriate phage antisera and sensitive to chloroform.
Acridine orange curing. PT3 cells were grown overnight in ZT or ZBU medium and inoculated at a density of 103 cells/ml into ZT medium adjusted to pH 7.6 with NaOH and containing 20 .g of acridine orange per ml (Fisher Scientific Co.). These cultures were incubated aerobically overnight at 37 C (9). The number of Lac+ and Lac -cells in the population was determined by plating cells on lactose-EMB agar supplemented with 100 ug of thymine (EMB thy) per ml.
RESULTS
Effect of 5BU on the reappearance and elongation of F pili. Depiliated PT3 cells grown and suspended in ZT medium (hereafter called TH cells) rapidly produce new pili (Fig. 1) . Within 5 min, the average number of pili per cell rapidly increased from 0 to 0.46 pili per cell and then increased by 20 min to 0.7 pili per cell. These kinetics represent the control curve and are consistent with previously reported data (13) .
Depiliated PT3 cells grown and suspended in Effects of various concentrations of 5BU on distribution of pili lengths. TH cells produce pili with a modal length of 2.5 ,um (Fig. 2) . in ZBU medium (100 ug of 5BU per ml) 50,g 5 BU produced pili whose modal length changed from 2.5 to 4.5 Mm in about 45 min (Fig. 4) .
Effect of UV light on the reappearance and elongation of pili grown in ZBU medium. BU cells exposed to 104 ergs/mm2 of UV irradiation at 253.7 nm produced fewer and shorter pili (Fig. 5) . The differences between nonirradiated . and irradiated cells in the average number of 2 3 4 5 6 7 pili per cell and average length of pili after 10 min were about 30% and 50%, respectively. As previously reported (13) , TH cells similarly irradiated produced pili that were suppressed 30% in number and 20% in length. These data indicated that the UV light-increased photochemical damage after 5BU incorporation was on the average length of F pili. Consequently, dose response curves for average length F pili were determined (Fig. 6) 4 . Distribution of F pilus lengths as a function of time after suspension into ZBU medium. Cultures were grown in ZT medium to 5 x 10 cells/ml, blended and centrifuged at 0 C, and the pellets were suspended in ZBU medium at 37 C. Samples were taken at the indicated times and rapidly chilled to 0 C to prevent further growth of pili. (M13) and spherical (R17) male phage is only 47% (M13) and 51% (R17) of TH cells.
These reductions in pilus-specific functions are correlated with the 50% decrease in the number of pili per cell observed with BU cells (Fig. 1) .
Effect of 5BU incorporation on the sex factor. Although only half of the BU cells express pili (Fig. 1) , all of the cells are viable and still retain the sex factor in an acridine orange-curable state. This fact was determined by growing cells overnight in 5BU and then plating them on EMB Thy agar. All the colonies appearing on these plates were Lac+. Twenty of these colonies were isolated at random, grown in ZT medium, and tested for their ability to: (i) transfer Lac, (ii) be infected by male phage (R17 and M13), and (iii) become Lac-after curing with acridine orange. All of these BU isolates showed the same frequency of mating, male phage susceptibility, and curing as similarly isolated TH cells. Therefore, they must have sex factors even though they do not all express pili.
DISCUSSION
Our experiments show that the addition of 5BU to the growth medium has the following effects on pili: (i) the number of pili per cell is reduced by 47%, (ii) the modal length of pili doubles, (iii) elongation of pili is more sensitive to UV irradiation at 253.7 nm, and (iv) the ability to form mating pairs and be infected by malespecific phage is reduced by about 50%.
Effects (i through iii) above are maximum when the concentration of 5BU in the medium leads to maximal incorporation of 5BU into the DNA (100,ug/ml). These data suggest that 5BU
. exerts its effect when it is incorporated into the DNA and that DNA, in some manner, influences pilus production. The length of F pili on BU cells was more sensitive to UV irradiation as compared with TH cells, which also suggests that DNA is the target because 5BU incorporation into DNA makes DNA more sensitive to photochemical change (5).
How DNA influences the initiation of pilus synthesis as well as the elongation of pili is not clear because it has never been demonstrated that pili contain DNA (1) and DNA synthesis is not required for the initiation and elongation of pili (13) . There is evidence that pili retract (6, 7, 10, 13) , and perhaps the changes inr pili length due to 5BU incorporation are related to retraction. For example, pili might move in and out of the cell continuously (13) so changes in length could reflect shifts in equilibrium between the processes of elongation and retraction. It has been suggested that temperature might do this (10) . The data do not allow us to determine the mechanisms involved.
